Context: A significant number of papillary thyroid microcarcinomas (PTMCs), despite excellent prognosis, show aggressive features such as extrathyroidal extension (EE) and lymph node metastasis (LNM) that may not always be detected preoperatively or intraoperatively. The relapse rate appears also substantial.
H
igh-resolution ultrasound-guided fine needle aspiration biopsy has led to a rapid rise in the incidence of papillary thyroid microcarcinoma (PTMC), i.e. papillary thyroid carcinoma 1 cm or smaller. PTMCs have been largely perceived as tumors that are characterized by benign behavior, of little clinical significance, and do not affect patients' survival. However, it has been increasingly demonstrated that PTMCs show very diverse disease extent with widely varying reported frequencies of the aggressive features (1) (2) (3) (4) (5) . In addition, the tumor characteristics, age-based recurrence rates, and/or prevalence of the aggressive features in patients with PTMC at diagnosis are reported to be similar to that in patients with larger papillary thyroid carcinomas (1, 6) . Also, despite an extremely low risk for mortality, recurrent or persistent disease even after total or near-total thyroidectomy is surprisingly common, and some authors feel that the treatment of patients with PTMC should be no different from the treatment of patients with papillary macrocarcinoma (7, 8) .
The extent of thyroid surgery for PTMC varying from a lobectomy alone to total thyroidectomy with centralcompartment neck dissection is largely determined depending on the presence or absence of the risk factors/ aggressive features (9) . Therefore, the wide variability in the reported prevalence of aggressive features among different studies as well as no significant difference in the prevalence of aggressive features between micro-and macrocarcinomas are of concern, especially given that some of these histopathological features may not easily be detected by preoperative imaging or even by inspection at the time of surgery.
[
18 F]Fluorodeoxyglucose (FDG) uptake in many malignant tumors on positron emission tomography (PET) has been shown to be a significant predictor of greater aggressiveness and a poorer prognosis (10 -13) . Also, in post-thyroidectomy thyroid cancer patients, radioiodinenegative/FDG-positive recurrences are known to be associated with dedifferentiated tumors and a grave prognosis (14 -16) . This well-known relationship between the FDG avidity and tumor aggressiveness/differentiation appears to be in line with the limited sensitivity of preoperative FDG PET in ruling in malignancy in patients with thyroid nodules because the majority of them are well differentiated (17) . At the same time, it is quite perplexing and equally interesting that a large number of thyroid cancers, including incidentalomas and PTMCs, exhibit increased FDG uptake despite their well-differentiated histology. In addition, we observed that small nodules of 5 mm or smaller often showed increased FDG uptake, whereas those close to 10 mm or even some macrocarcinomas not included in this study exhibited no or minimal uptake. Constellation of these well-known facts and observations prompted us to speculate that FDG positivity may represent relative aggressiveness even in well-differentiated PTMCs.
The objective of this retrospective study was to: 1) assess the frequency of visual FDG positivity in PTMCs and 2) to compare the prevalence of extrathyroidal extension and lymph node metastasis between patients with FDGpositive and -negative PTMCs.
Patients and Methods

Patients (Table 1)
Our institutional review board approved the protocol for this retrospective study. The medical records of 4615 patients who underwent a total thyroidectomy with central lymph node dissection between 2005 and 2008 were reviewed, and 2311 patients had a diagnosis of PTMC. Of the 2311 patients with PTMC, 145 patients had a PET scan within 3 months before their surgery. Of the 145 patients, 10 patients had FDG PET for screening of cancer that eventually led to the diagnosis of PTMC, whereas FDG PET was performed after PTMCs were diagnosed in the other 134 patients. These 10 patients were excluded because they represent a different group, introducing bias to the data. Patients who had a diagnosis of PTMC before PET were advised of the availability of PET, its cost, potential but unproven benefit and efficacy of PET in the setting of PTMC, and possible benefit of finding second primary malignancies with PET reported in the literature. Of them, 134 patients elected to undergo PET imaging studies. Therefore, the 134 patients effectively represent a randomly selected population. Of the 134 patients, three groups of patients were additionally excluded to avoid bias. Eight patients were excluded because of a previous history of malignancies in the head and neck. Thirty patients with multifocal carcinomas were excluded because it would not be possible to determine which one(s) of the multiple nodules is (are) responsible for lymph node metastases, if present. And, if the degree of FDG uptake varies among these multiple nodules, the relationship between the FDG uptake and lymph node metastases cannot be determined. Lastly, 10 patients showing diffuse, nonfocal FDG uptake in their thyroid were excluded because FDG uptake by thyroid carcinomas may not be accurately measured. The remaining 87 patients with pathologically confirmed, unifocal PTMC constitute the study population (17 males and 70 females; mean age 51.2 yr, range 29 -74 yr).
Imaging procedures
PET/computed tomography (CT) images were acquired using the Phillips Gemini PET/CT scanner (Phillips-ADAC Medical Systems, Cleveland, OH). Patients were instructed to fast for more than 6 h, and then 5.18 MBq (0.14 mCi)/kg of FDG was iv injected into these patients. Images from the skull base to the proximal thigh were acquired 1 h later. Emission images were acquired for 3 min per bed, and transmission scans from lowdose CT were used for attenuation correction. Images were then reconstructed using the low-action maximal-likelihood algorithm.
Image interpretation and semiquantitative analysis
Two experienced nuclear medicine specialists visually reviewed PET/CT images using the Syntegra program (version 2.1E) and performed semiquantitative analysis on the nodules. The nuclear medicine specialists were blinded to the patients' clinical status/surgical pathology; they knew only that the patients were diagnosed with thyroid cancer. FDG uptake in PTMCs was visually categorized as positive if there was a discernible focal FDG uptake and negative if there was no discernibly higher FDG uptake than surrounding thyroid tissue. For semiquantitative analysis, a region of interest was drawn around these microcarcinomas, and the peak standard uptake value (SUV) was recorded. When a nodule was not visually discernible on PET, a region of interest was drawn according to the location of the nodule based on other anatomical images. Any central lymph node with visually discernible FDG uptake was considered to be positive for metastasis. Lymph nodes in level VI were considered to be central lymph nodes, according to the guidelines of the American Head and Neck Society (18) .
Statistical analysis
Statistical analyses were performed using Statistical Package for Social Sciences (version 12.0; SPSS Inc., Chicago, IL). Univariate analyses were performed to determine the relationship between four independent variables, i.e. gender, age, tumor size, and FDG uptake in the PTMC, and two dependent variables, extrathyroidal extension (presence or absence) and central lymph node metastasis. All four independent and two dependent variables were dichotomized by gender (male or female), age (Յ45 or Ͼ45 yr), tumor size (Յ5 or Ͼ5 mm), and visually discernible focal FDG uptake in the PTMC (presence or absence), extrathyroidal extension (presence or absence), and central lymph node metastasis (presence or absence). Three of the four independent variables, i.e. age, tumor size, and FDG uptake expressed as SUV, as continuous variables were also correlated with the two dichotomized dependent variables.
Additionally, the relationship between dichotomized independent and dependent variables were assessed by two-tailed Fisher's exact test. Two-tailed independent Student's t test was used to assess the difference in the age and tumor size between the dichotomized groups of dependent variables. To assess the difference in the SUVs between the dichotomized groups of dependent variables, Mann-Whitney U test was used. For comparison of two continuous variables, Pearson's correlation analysis was performed.
Independent variables with a P Ͻ 0.25 identified from the univariate analysis or Fisher's exact test were included in the multivariate logistic regression analysis to assess possible interdependency. When both dichotomized and continuous variable of the same independent factor had a P Ͻ 0.25, then the more significant one of the two was chosen for multivariate analysis. The results were considered statistically different if the P value from the multivariate analysis was less than 0.05 and the 95% confidence interval of the odds ratio did not include 1. The sensitivity, specificity, positive predictive value, and negative predictive value of FDG positivity for prediction of the extrathyroidal extension and/or central lymph node metastasis were also calculated.
Results
Comparison of independent variables with extrathyroidal extension (Table 2) Of the 87 PTMCs, 44 nodules (51%) were pathologically confirmed to have extrathyroidal extension. Table 2 provides the results from various analyses of the dichotomized and/or continuous independent variables with extrathyroidal extension. The gender and age were not significant independent variables. Also, there was no difference in the age between 44 patients with and 43 patients without extrathyroidal extension (mean age ϭ 50.8 Ϯ 9.3 
On visual analysis of PET scans, 46 (53%) of the 87 PTMCs showed discernible FDG uptake, and 41 did not. Extrathyroidal extension was present in 70% (32 of 46) of the FDG-positive group compared with 29% (12 of 41) in the FDG-negative group (P Ͻ 0.0001). The SUVs in all 87 PTMCs ranged from 0.7-15.0 with a median of 2.1. The median SUV in 44 patients with extrathyroidal extension was 2.8 compared with 1.8 in 43 patients without extension (P ϭ 0.0021 by the Mann-Whitney U test). Multivariate logistic regression analysis revealed that dichotomized tumor size and visual FDG positivity were two significant independent variables correlated with extrathyroidal extension (Table 2) .
Even in a selected group of patients that is considered to be a low-risk group, i.e. 23 female patients age 45 yr or younger, visual FDG positivity and tumor size were found to be significant variables. Nine of 14 patients with visual FDG positivity in the PTMCs were associated with extrathyroidal extension compared with one of nine patients without extension (P ϭ 0.013). Ten of 12 patients with tumor size larger than 5 mm were associated with extrathyroidal extension compared with three of eight patients with tumor 5 mm or smaller (P ϭ 0.013).
The sensitivity, specificity, positive predictive value and negative predictive value of visual FDG positivity for evaluation of extrathyroidal extension in all 87 patients were 73, 67, 70, and 71%, respectively.
Comparison of independent variables with central lymph node metastasis (Table 3)
There were 27 (31%) patients with pathologically confirmed central lymph node metastasis. Table 3 shows the results from univariate and multivariate analyses. Among the independent variables, visual FDG positivity in the PTMCs was found to be the only significant variable multivariate analysis. The frequency of central lymph node metastasis in the FDG positive group was 41% (19 of 46) compared with 20% (eight of 41) in the FDG-negative group (P ϭ 0.037). The sensitivity, specificity, positive predictive value, and negative predictive value of FDG uptake for the diagnosis of central lymph node metastasis were 70, 55, 41, and 80%, respectively. The tumor size as continuous variable nearly approached the statistical significance by univariate analysis (P ϭ 0.063) but was found to be completely insignificant by subsequent multivariate analysis (P ϭ 0.534).
Miscellaneous
PET/CT showed foci of increased FDG uptake, suggesting central lymph node metastases in only two of the 27 patients with confirmed lymph node disease. In the remaining 60 patients without central lymph node metas- tasis, the PET/CT was false positive in one and true negative in 59 cases. In all 87 patients, PET/CT showed no abnormalities outside the cervical region. There appeared to be a moderate dependency of SUV on tumor size (y ϭ 0.4462 ϩ 0.4592x, where y ϭ SUV and x ϭ tumor size in millimeters; r ϭ 0.0478; P Ͻ 0.001). Nevertheless, the tumor SUVs widely varied even among nodules of similar sizes. Furthermore, as shown above, the tumor SUV and size were found to be independent variables for the extrathyroidal extension by multivariate analysis. This seemingly dependent relationship between the SUV and tumor size most likely resulted from the wellknown partial volume effect. This issue is discussed below.
Discussion
Despite a very favorable prognosis, there is a wide variability in the clinical and pathologic characteristics of PTMC at the time of diagnosis among different studies, i.e. the prevalence of bilateral and/or multiple foci being observed in 2.9-56.8% and extracapsular invasion and/or lymph node metastasis at diagnosis ranging from nearly 0% up to over 60% (2) (3) (4) 19) . Moreover, in a recent report analyzing more than 6000 patients with papillary thyroid carcinoma, microcarcinomas showed similar features to macrocarcinomas with respect to tumor characteristics and age-based recurrence rates (6) . Another study also found no significant difference in the prevalence of multifocality, extrathyroidal extension, and lymph node metastasis in patients with PTMC at diagnosis compared with that in patients with larger papillary thyroid carcinomas (1). The relapse rate in patients with PTMCs is also substantial (7, 20, 21) .
According to new 2009 American Thyroid Association guidelines, a thyroid lobectomy alone may be sufficient for PTMC without other risk factors (9) . However, some authors seem to favor more aggressive surgery for patients with PTMC, despite its small size, as for those with papillary thyroid macrocarcinoma (7, 8, 22) . Despite these different preferences among studies, most investigators seem to agree that preoperative risk stratification is important in determining the extent of surgery.
The known risk factors for the recurrent disease include the gender, age, tumor size, multifocality, extrathyroidal extension, and lymph node metastasis, although the significance level of individual factors varies among different reports (4, 5, 7, 19, (23) (24) (25) . Moreover, some of the histopathological risk factors are often undetected preoperatively by imaging or clinically, or even by intraoperative inspection (4, 26) . Therefore, it would certainly be desirable to have a risk factor that can be easily assessed preoperatively.
Although FDG positivity in recurrent thyroid cancer is well known to indicate more aggressive behavior (14 -16), it is still unclear whether or not FDG positivity of primary well-differentiated thyroid cancers in the preoperative setting similarly indicates tumor aggressiveness. Jeong et al. (4) recently reported that SUV of PTMCs did not correlate with the presence of lymphatic metastasis, the multiplicity of primary tumor, or extrathyroid invasion but correlated only with the size of PTMCs. There is a remarkable similarity between our data and theirs, which is the moderate dependency of SUV on the tumor size with nearly identical r values (0.479 in our study and 0.481 in the previous study). However, measured SUV of lesions smaller than 3 cm falsely declines (especially more so when Ͻ2 cm), which is well known as the partial volume effect (27) (28) (29) . For example, the measured activity of a 1-cm lesion is less than 50% of that of a 2-cm lesion despite the same concentration of activity in both lesions. We strongly believe that the seemingly significant dependency of SUV on the tumor size in both studies merely represents the partial volume effect rather than a true dependency. Instead of SUV, visual assessment is often relied upon for interpretation of small lesions. For example, SUV of 2.5 is the most widely adopted cutoff for differentiating malignant from benign pulmonary nodules. However, based on the experience accumulated over more than 10 yr, visually discernible FDG activity, regardless of SUV, in a small nodule is now generally considered suspicious for malignancy. Likewise, we suspected that visual analysis could be more meaningful than SUV for PTMC, which indeed turned out to be the case.
We found visually discernible FDG uptake in 53% of PTMCs. The sensitivity, specificity, positive predictive value, and negative predictive value of visual FDG positivity for extrathyroidal extension were 73, 67, 70, and 71%, respectively, and 70, 55, 41, and 80%, respectively, for central lymph node metastasis. Given these relatively low values, FDG positivity in PTMC cannot be used as a single predictor for extrathyroidal extension and central lymph node metastasis. Nevertheless, there was a significant difference in the prevalence of both EE (70 vs. 29%) and cLNM (41 vs. 19.5%) between the FDG-positive and FDG-negative groups. On the other hand, other known risk factors, i.e. gender, age, and size, showed a correlation with only one or neither of the extrathyroidal extension and central lymph node metastasis. These results suggest that FDG positivity can be as good as or possibly even better than other known risk factors for preoperative risk stratification in patients with PTMC.
One of the limitations of our study is lack of direct correlation of FDG positivity in PTMCs with disease relapse rate because the follow-up is not long enough. Even after several more years of follow-up, we may still be un-able to find any significant difference in the relapse rate between FDG-positive and FDG-negative groups because all our patients in both groups underwent extensive surgery, i.e. total thyroidectomy with lymph node dissection. In low-risk patients, it would be interesting to carry out prospective studies comparing recurrence rates between an FDG-negative group undergoing lobectomy and an FDG-positive group undergoing lobectomy, and/or between an FDG-positive group undergoing lobectomy and an FDG-positive group undergoing more extensive surgery.
PET/CT is an expensive procedure. However, its longterm cost effectiveness is unknown. Although the mortality rate associated with PTMCs is extremely low even in the presence of extended disease, the recurrence rate is not (7, 8) . When the disease relapses, additional diagnostic and appropriate therapeutic procedures, which may include reoperation, will be required. This will, in turn, translate into increasing cost. In addition, there will be uncalculated cost due to the patient's decreased productivity resulting from hypothyroidism and time required for the diagnostic work-up and treatment. Perhaps even more importantly, the patients will suffer from psychological stress from having recurrent malignancy. Therefore, if positive clinical impact of a preoperative PET/CT examination can be demonstrated by prospective studies, this procedure may possibly turn out to be cost effective rather than expensive, despite its high initial cost. Assessment of long-term cost effectiveness also seems to warrant a prospective evaluation.
Other than the potential value of FDG positivity in the primary tumor, the yield of whole-body PET/CT in patients with PTMCs appears to be quite low. To date, detection of microscopic lymph node disease in malignant tumors has been a challenge for any diagnostic imaging modalities. The sensitivity and negative predictive value of PET for diagnosis of regional lymph node disease based on FDG uptake in the lymph node as the criteria was extremely low in our study as expected. The yield of PET/CT for evaluation of the rest of the whole body, regardless of its diagnostic efficacy, seems very low in patients with PTMCs simply because of the extremely low prevalence of distant metastatic disease in this population.
Conclusion
Visually discernible FDG uptake was observed in approximately one half of the unifocal PTMCs and associated with a significantly higher prevalence of extrathyroidal extension and central lymph node involvement compared with the FDG-negative group. This indicates that FDG positivity is a potential new risk factor that can be useful for preoperative risk stratification. Prospective studies would be warranted to assess the long-term benefit and cost effectiveness of preoperative FDG-PET.
